The microoorganism described by Flexner and Noguchi I under the name of globoid bodies has been shown to bear a definite relation to epidemic poliomyelitis. The bodies are obtained in cultures with great difficulty and thus far only those who have employed the original method of cultivation have been rewarded with successful results. This is significant in respect to the etiology of poliomyelitis, for, while a variety of ordinary bacteria easily cultivatable has been obtained by various workers, the globoid bodies represent a peculiar species and thus far alone have sufficed to produce typical poliomyelitis in monkeys by intracerebral inoculation.
The globoid bodies may be said in general to have fulfilled Koch's law of causation. They have been found repeatedly hi the lesions of poliomyelitis in man and the monkey; they have not been detected in lesions or conditions other than poliomyelitis; they have sufficed to reproduce in several instances the experimental disease in monkeys; and they have been recovered in cultures from the lesions thus produced.
But the globoid bodies have often not been obtained in cultures, even with Noguchi's technique. 2 At first sight this fact seems to cast doubt on the nature of the globoid bodies and to give rise to the question whether they are not occasional and hence not necessary accompaniments of the lesions of.poliomyelitis, or, in other words, whether they constitute the microbic cause of poliomyelitis. The doubts raised by this question can at the outset be met by pointing l Flexner, S., and Noguchi, H., Y. Exp. Meg., 1913 , xvfii, 461. 2 Noguchi, H., J. Exp. Meg., 1911 to the successful inoculations, although they are not numerous. The monkeys so inoculated developed typical poliomyelitis both symptomatically and histologically. Moreover, the nervous tissues of these animals, like the filtered virus, reproduced poliomyelitis in monkeys. Filtrates of the spinal cord and medulla and of the lesion at the local site of injection of the cultivated globoid bodies were characteristically actively infectious. Moreover, the cultures in different generations set up typical experimental poliomyelitis, and as long as 20 months after isolation and not only after a single inoculation, when most active, but subsequently, after repeated inoculation, when the activity was somewhat diminished. ~
The globoid bodies, moreover, have been detected directly under the microscope in the nervous tissues of human beings and monkeys, the subjects of epidemic poliomyelitis, 1 and in one instance in films prepared from the circulating blood of a monkey experimentally infected with the filtered virus, 4 and in conformity with this observation they have been cultivated in one instance from the circulating blood of a monkey injected with a virus filtrate.
To one familiar with the properties of the filtered virus, this is significant. The virus filtrate does not withstand well thermostat temperatures and the presence of colloidal substances possessing absorptive power3 Under these conditions its activity is totally lost in from a few hours to a day or two. An injection of relatively inactive filtrate virus in monkeys does not produce resistance, but either leaves the animal unchanged immunologically or induces a state of heightened susceptibility to which, upon subsequent injection of the same virus, days or weeks later, the animal responds with typical poliomyelitic paralysis. The globoid bodies have been shown to be capable of behaving in precisely the same way?
It should be recalled that the technique employed in the cultivation of the globoid bodies is based upon Noguchi's method of cultivating Treponema pallidum3 The conditions surrounding the cultivation of the two microorganisms directly from infected tissues are strikingly similar. Experience with the one is almost invaluable t Flexner, S., Noguchi, H., and Amoss, H. L., Y. Exp. Med., 1915 , xxi, 91. * Amoss, H. L., J. Exp. Meal., 1914 , xix, 212. Flexner, S., and Amoss, H. L., J. Exp. Med., 1915 for success with the other. The presence of the pallidum in large numbers in the testicular lesions of rabbits is readily demonstrated under the dark-field microscope and by stained preparations, But bacteriologists who have attempted for the first time to cultivate the pallidum directly from the testicle have usually met with many difficulties and not infrequently have failed entirely.
Microorganisms as highly parasitized as the pallidum and the globoid bodies appear to require special conditions for growth in artitidal cultures. As yet the latter have not been secured directly in a solid medium. In sharp contradistinction to this is the relative ease with which subculture succeeds, although not in every instance.
Certain cultures both of the pallidum and the globoid bodies do not lend themselves to subculture, probably because the necessary conditions of multiplication have not been maintained in the artificial media.
Once cultivation of the strains is established, the organisms become, in time, more and more saprophytized and, as will be described in this paper, relinquish requirements, such as the presence of fresh a~mal tissue, indispensable at the outset. When this state arises, pathogenicity has, as a rule, been completely lost. On the other hand, as the medium has now become less complex, the conditions for the carrying out of immunological reactions have become more favorable. In one respect no change has been noted in the nature of the globoid bodies: they have remained anaerobic.
Cultivation.
When a strain of the globoid bodies has been accustomed to artificial cultivation, which usually requires several transplantations of the first cultures, growth is more readily and abundantly obtained. Apparently an adaptation to the new conditions gradually takes place. It is at first impossible to obtain large cultures, mass cultures so called; however, after several generations they may be grown in Erlenmeyer or Florence flasks of suitable size, in a medium consisting of ascitic fluid and agar containing a fragment of rabbit kidney. After congelation the substratum is overlaid with bouillon which turn is covered with a layer of sterilized paraffin oil? The growtl~ GLOB01D BODIES IN POLIOMYELITIS first takes place throughout the substratum and then extends into the bouillon, which, however, does not become turbid. The organisms appear not to multiply in the broth, but give rise to a sediment overlying the agar base. Later a mass may be obtained by collecting this sediment from several flasks. Since the bouillon will not support the growth of globoid bodies, degenerations set in quickly, the organisms showing striking irregularities in size and staining property.
The tests were carried out with four strains of the globoid bodies obtained as follows: Two cultures were original Noguchi strains obtained in 1914 from specimens'of M. A. virus I which had been passed through many monkeys; the other two strains were obtained by the author in 1915, one from the M. A. virus, and the other from monkeys inoculated with a sample of human virus. The four cultures were indistinguishable morphologically and biologically. When they were subjected to the modification of culture media to be described, two strains had been under artificial cultivation for 2 years and the other two for 1 year or longer.
Kidney.--The indispensable animal tissue employed in the original cultivations has been fresh rabbit kidney. Noguchi believes that the tissue performs the double function of withdrawing the last traces of oxygen from the medium and of providing an essential nutritious element. Growth first appears about the tissue fragment and then extends peripherally. The tests made relate (a) to boiled kidney and (b) to dispensing with the fragment of organ altogether.
(a) The kidney fragments are dropped into boiling sterile distilled water and kept there until coagulation is completed. They are employed in the manner of fresh fragments in the semisolid ascltic agar medium. All the cultures multiplied, but the growth was less luxuriant than with the fresh organ.
(b) Growth has also taken place in complete absence of the tissue fragment, but it is even less abundant than in the presence of the coagulated tissue.
The saprophytized cultures have, therefore, become essentially altered in their extreme oxygen and food requirements. They appear to be less sensitive to oxygen and less exacting nutritionally.
Broth and Ascitic Fluid.--None of the cultures multiply in broth, even in the presence of the kidney fragment, and while some growth is obtained in pure ascitic fluid, it is feeble, When the broth and ascitic fluid are mixed in equal proportion, growth is more abundant. The addition of 1 per cent dextrose does not improve the growth and no acid is formed. Ascitic fluid inactivated at 56°C. is unsuitable for the original cultivation of the globoid bodies, but the adapted cultures flourish equally well in the inactivated fluid.
Blood Serum.--Blood serum is not suitable for obtaining original isolations. In the presence of the kidney fragments the adapted cultures multiply freely in monkey serum, less in horse and rabbit serum, and least in human serum. The omission of the kidney has the effect of diminisking materially the amount of growth and wiping out the qualitative distinctions of the several sera. A 1:5 dilution of the sera with bouillon neither favors nor hinders this growth.
The saprophytized cultures have, therefore, undergone fundamental changes in growth requirement. The changes have produced insignificant alterations in morphology. On the whole, the saprophyfized globoid bodies are somewhat less tenuous, perhaps a trifle larger, and stain more deeply with Giemsa and other stains. Their reaction to Gram's stain is also somewhat irregular, depending upon the medium employed, but they remain essentially Gram-negative. Combined artificially with cultures of streptococci and stained either with Giemsa's or Gram's stains, the distinction is striking (Fig. 1) . None of the saprophytized cultures displayed pathogenic power for monkeys. Large quantities were injected intravenously into rabbits without producing any detectable ill effect. Since the cultures could now be obtained free of human proiein, they were better adapted to immunological studies.
Immunology.
Our knowledge of immunological reactions in poliomyelitis is small. The one biological test for determining the presence and perhaps the amount of immune substances is that of neutralizafion.* From the fact that the blood serum of recovered human beings is protective and probably curative in poliomyelitis, it is also assumed that immune bodies are present in the fluid.
The particular object of this study of the immunological reactions of the globoid bodies was additional information on their relation to poliomyelitis in man and the monkey infected with the filterable virus.
This investigation was begun with considerable doubt of obtaining a clear-cut result. The difficulties surrounding the usual immunological tests with Treponema pallidum, with the cultural conditions of which the globoid bodies exhibited so many analogies, were before usJ Rabbits and monkeys were injected with the globoid bodies in order to develop antisera which might show agglutination and complement deviation, and the sera of human beings and monkeys which had recovered from attacks of poliomyelitis were tested against cultures of the globoid bodies. In order to increase their resistance, the monkeys, after recovery, had received subcutaneous injections of the emulsified active spinal cord and medulla of paralyzed animals which had succumbed.
Rabblts.--Two series of rabbits of three each received repeated intravenous inoculations of mass cultures of four strains. The first series received from 0.5 to 5 cc. of a heavy suspension of washed cultures of globoid bodies, and the second received injections from 0.5 to 5 cc. on 3 successive days, and were allowed to rest 7 days, according to the method of Flexner and Amoss for the rapid production of antidysenteric and anfimeningococcic sera. 8
With the exception of two animals that died of snuffles, the rabbits showed no reaction or symptoms, and at the end of 3 months they were well and had not lost weight. During and at the end of this time, the serum exhibited no differences in immunological reactions when compared with the normal except that in two rabbits there was sllght fixation, and in one 0.1 cc. completely fixed 0.04 cc. of guinea pig complement in the presence of 0.2 cc. of antigen prepared from mass cultures. 2 cc. of the serum which exhibited the power of complement fixation, however, failed to neutralize 0.1 cc. of the filterable virus.
It is noteworthy that no clinical or immunological effect was produced in rabbits. They did not become sensitized to the gioboid Zinsser, H., Hopkins, J. G., and McBurney, M., J. Exp. Meal., 1916, xxiv, 561. 8 Flexner and Amoss, J. Ex¢) Med., 1915, xxi, 515 . Amoss. H. L., and Wollstein, M., J. Exp. Med., 1916, xxiii, 403. bodies, nor did they respond, with one exception, with the development of detectable antibodies.
Monkeys.--Eleven monkeys received regular weekly injections of mass cultures of the fourstrains of the globoid bodies over a period of 2 years, and their serum was tested at intervals during that time. Of the eleven monkeys two received 5 cc. of a heavy suspension of the mass cultures (one recently, the other remotely isolated) intraspinally each week for 1 year, and intravenous injections of the same amounts weekly for another year. Three received 12 intraspinal injections and 28 intravenous injections; two received 5 injections intraspinally, and 35 intraperitoneally; two received a single injection intracerebrally and multiple injections intravenously; and two received intraperitoneal and intravenous injections.
Only the monkeys receiving the cultures subdurally exhibited symptoms suggestive of poliomyelitis which never progressed, however, beyond the stage of excitability, ruffling of the fur, and staccato cries.
The serum of only two monkeys, those receiving repeated intraspinal injections, developed the power of fixing complement. All the sera to a greater or less degree inhibited the growth of the globoid bodies and produced the thread reaction described below.
As has been indicated, the monkeys that received cultures of the globoid bodies over a considerable period of time were not wholly indifferent to the injections. They were refractory like the rabbits, but in two instances a reaction with antibody production was apparent. The reaction may be considered as affecting agglutination and complement deviation.
Since the globoid bodies grow in loose masses in fluid media, the ordinary methods of testing for agglutination were not satisfactory. The employment of normal and immune monkey serum in the medium of cultivation yielded sharper effects. Cultures were made in a medium composed of 1 part of the serum to be tested plus 4 parts of neutral broth.
In the presence of kidney tissue no difference can be detected between the rate and amount of growth in normal serum and immune serum. However, when kidney tissue is omitted, marked differences are apparent. Serum from monkeys immunized by intraspinal or intravenous injection of the organism over long periods produced the most marked effect in retarding the growth of the globoid bodies. The serum from monkeys which had recovered from experimental poliomyelitis induced by the filtrate virus and which were afterwards reinforced inhibited the growth, but in less degree (Fig. 2) .
Morphology.
The film preparations were made in a uniform manner. They were air-dried, fixed in methyl alcohol for 1 minute, and stained over night in 1:10 Giemsa solution and by Gram's method.
The control cultures in the ascific-fluid-broth-kidney medium yielded cultures growing in bunches with no special arrangement of individuals. When no kidney tissue is present the chain formation is more prominent and the staining is faint. The controls in normal monkey serum with broth also give large bunches of faintly staining organisms (Fig. 3) .
On the other hand, the serum of monkeys injected with the active cultures produces a marked change in the size and arrangement of the globoid bodies. The chain production is intensified and they interlace, so as to resemble the Pfaundler reaction of typhoid bacillus agglutination (Fig. 4) . The length of many of the chains may be inferred from one chain in which 230 individuals were counted. The individual bodies also become larger and may become elongated. The maximum alteration is produced in the first generation in the immune serum; after several transfers in immune serum a single generation in a non-immune medium sutfices to restore the original grouping and size to the cultures.
The serum from recovered and reinforced monkeys retards the growth of the globoid bodies, but less than that of the monkeys treated with the cultures. The chain formation is less also and the enlargement of the individual bodies, while apparent, is also less conspicuous (Fig. 5) .
Complement Deviation.
For this test the serum (a) of monkeys treated with the cultures of the globoid bodies, (b) of recovered and reinforced monkeys, and (c) from paralyzed cases of poliomyelitis in man was employed.
Antigen.--For the preparation of the antigen, mass cultures were used in the manner described above, in small Florence flasks, as recommended by Zinsser? The mass was washed in sterile water and suspended again in sterile water. It was alternately frozen and thawed three times, heated to 56°C. for 2 hours, transferred to a mortar, and the water evaporated at 45°C. under a current of filtered air.: 1 cc. of water was added and the heavy suspension ground with glass. 20 cc. of water were added and the suspension was shaken for 30 minutes. After centrifuging at high speed, the fluid was passed through a Berkefeld filter, and made isotonic by the addition of 0,9 per cent sodium chloride solution. Extracts prepared in this manner were not anticomplementary, but rapidly lost antigenic power at 4°C.
Rabbit anti-hen hemolytic system was used when monkey serum was titrated, and rabbit anti-sheep hemolytic system when human serum was tested. Monkey serum becomes slightly anticomplementary when inactivated by heat, but the removal of complement by allowing the serum to remain at 4°C. for 4 days produces no anticomplementary action.
Serum from ten monkeys which had been injected with the cultures ~ of globoid bodies was employed. In only two instances were reactions obtained. The two positive results were with monkeys which had received eighteen intraspinal injections of a mass culture of the globoid bodies, and later twenty-one weekly intraperitoneal injections of similar material. The serum of these animals fixed two units, or 0.4 cc., of guinea pig complement in the presence of 0.1 cc. of antigen.
The sera were subsequently tested upon the active filtrate virus and failed to show neutralizing power.
The antigen which reacted to the two sera of monkeys injected with the cultures yielded no complement fixation with the sera of monkeys which had recovered from experimental poliomyelitis or with the blood taken from twenty-six human beings, chiefly children, suffering from epidemic poliomyelitis. The latter specimens were taken for the most part in the early stages of an acute attack.
Incidentally, it may be stated that antigens were prepared from human poliomyelitic glands and from the spleen, bone marrow, lymph glands, and nasal mucosa of monkeys succumbing to experimental 9Zinsser, H., Hopkins, J. G., and Gilbert, R., J. E~p. Med., 1915, xxi, 213. poliomyelitis, and tested against the human blood sera. The result in every instance was negative.
Finally, the saprophytized cultures of the globoid bodies were cultivated through several generations in serum from monkeys injected with globoid bodies, from monkeys recovered from experimental poliomyelitis, and from human cases of poliomyelitis. The cultures so obtained were injected intracerebrally, under ether anesthesia, into rhesus monkeys but in no instance was paralysis induced.
At the outset we drew attention to the similarities in conditions of culture displayed by the globoid bodies and Treponema pallidum;
here we desire to emphasize the analogies in immunological reaction exhibited by the culture and parasitic types of the two microorganisms respectivelyJ CONCLUSIONS.
Two additional cultures of globoid bodies, obtained from the nervous tissues of monkeys in which experimental poliomyelitis was produced, and identical with the original cultures described by Flexner and Noguchi, are reported in this paper.
The highly parasitic cultures, like Treponema pallidum, are refractory to artificial cultivation.
After long cultivation outside the body, the globoid bodies acquire saprophytic properties and then grow more readily and ina considerable variety of media, provided, however, that they carry a certain quantity of protein matter not denatured.
The rabbit responds slightly with the production of antibodies to the injection of cultures of the globoid bodies. The monkey responds only occasionally under the same conditions and apparently only when the cultures are injected into the central nervous system. This response is small and at most leads to slight reactions of agglutination and complement deviation with the cultures.
The serum obtained from monkeys recovered from experimental poliomyelitis shows even less agglutination and no complement deviation.
The maximal agglutinative and morphological changes produced in the globoid bodies cultivated in immune monkey serum are ob-tained in the first generation; after several subcultures in the immune serum, the reversion to normal takes place in one generktion in a non-immune medium.
The serum of human beings in the acute or early subacute stages of poliomyelitis gives no complement deviation with the antigen derived from the globoid bodies.
The cultivation of the saprophytized globoid bodies through several generations in immune monkey or human serum did not confer upon them pathogenic properties for monkeys.
The serum of human beings and monkeys which have survived attacks of poliomyelitis does not fix complement in the presence of antigens prepared from organs of the monkey succumbing to the experimental disease.
The globoid bodies and Treponema pallidum present many analogies in cultural, immunological, and pathogenic properties. Fla. 3. Film preparation from Tube A (Fig. 2) . at room temperature. >( 1,000.
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